Abstract--This work proposed a set-covering model using the concept of fuzzy set theory to define "fuzzy covers." The proposed fuzzy set-covering model can be reduced to a nonlinear integer programming problem which is easily solvable with modern software. This model is a nature extension of the classical set-covering model, and is able to handle uncertainty. (~)
INTRODUCTION
A classical set-covering problem considers the subsets I = {1, 2,..., m} and J = {1, 2,..., n} of integers. A collection p of subset Pj of I is a cover of I, if the union of the members of go is I, i.e., let Pj C I, go = {Pj : j C J0}, J0 C J, go is a cover of I, if U{Pj : j E J0} = I. For each Pj, there is a positive number cj associated with it. The classical set-covering problem finds an optimal cover go* = {Pj :j C J~}, J~ C J, such that, for any cover go = {Pj :j • J0}, J0 C J, we have ~-~J~ep* cj < ~P~e~ cj. The The classical set-covering problem is a well-known combinatorial optimization problem and also known from many applications including facility location, assigning customers to delivery routes, airline crews to flights, and workers to shifts [1] [2] [3] [4] .
Similarly, a collection of fuzzy subsets of I, /Sj, is called a fuzzy cover of I, denoted by ~5, if I is a fuzzy subset of the union of the members of gS. This problem has been studied before, for example, Zimmermann [5, 6] using the max-min operator to define his membership function, or the quality of the fuzzy covering. In this work, we present an alternative of the measurement of the covering, which is defined in next section. Note that Definition 1 is also called algebraic sum of two fuzzy sets. There were many discussions on this "sum" in literature; for details, please refer to [7, 8] . Since Now, we are ready to define a fuzzy set-covering problem (FSCP). The FSCP is to find an optimal s-cover gSa with respect to a given set I and the desired degree ~, so that, for each i E I, the membership grade of i is no less than the level degree (~. If for each fuzzy set/Sj of I, there is a positive number cj associated with it, then, the FSCP can be formulated as the following mathematical programming, Let's take a closer look at the constraints in (P1). Since PROOF. By the principle of mathematical induction, it can be verified easily.
FUZZY COVERS AND FUZZY SET-COVERING PROBLEM
According to Theorem 1, the product of 0-1 variables is equivalent to a system of linear inequalities. Therefore, if l-lk=l xjt , k > 1, in (P2) In the next section an example is presented for illustration.
EXAMPLE
Assume that we have five goals, I = {1,2, 3, 4, 5}, which should be attained (reached) by a combination of four means, J--{1, 2, 3, 4}. Suppose that #j(i) E [0, 1], i E I, j E J, is a measure with which the goal i is reached by the mean j. Let xj = 1, if the mean j is used, and xj = 0, if otherwise. Let cj be the costs of the mean j used. Our aim is to find a system of means which ensures that the goal i is reached at least with the level degree a E [0, 1], and minimizes the total costs of the used means. Table 1 Suppose the desired level a = 0.5. We calculate the inequalities of constraint and let YJlj2 .j~ = x~l .xj~... xjt, for instance, Y12 ---XlX2, Y123 : XlX2X3, Y1234 = XlX2X3X4, etc. Then, the following formulation can be obtained, By using LINGO software, an optimal solution is obtained, x~ = 1, x~ = 0, x~ = 0, x~ = 1, at the level degree c~ = 0.5.
CONCLUSIONS
The presented model solves the set-covering problem defined in a fuzzy environment. The model is a nonlinear integer program, however, with certain substitutions on nonlinear terms, the model is simplified to a 0-1 integer program. Consequently, the solution of the proposed model can be found easily.
